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Space s t a t i o n s  o f  t h e  f u t u r e  w i l l  have many areas o f  concern i n v o l v i n g  
I s a f e t y .  The n a t u r e  o f  t h e  o p e r a t i o n  o f  space s t a t i o n s  w i l l  r e q u i r e  t h a t  s a f e t y  
I be o f  paramount impor tance t o  ensure crew s u r v i v a b i l i t y  and m i s s i o n  c o n t i n u i t y .  

Space s t a t i o n s  w i l l  be des igned as ou tpos ts  on a new f r o n t i e r :  space. l h i s  
, f r o n t i e r  i s  hazardous and u n f o r g i v i n g .  Mis takes i n  t h e  o p e r a t i o n  o f  a space 
l s t a t i o n  o r  t h e  p r e d l c t i o n  o f  c o n d i t i o n s  and hazard scenar ios  cou ld  have very  
, s e r i o u s  consequences. Space s t a t i o n s  w i l l  have l o n g  l i f e t i m e s ,  l i m i t e d  capa- 

b i l i t y  f o r  rescue, ex t remely  hazardous o p e r a t i n g  env i ronments,  crewmembers who 
w i l l  n o t  be a s t r o n a u t s ,  and a complex s e t  o f  o p e r a t i n g  procedures.  The p o s s i -  
b i l i t y  f o r  mishaps t o  occur  i s  ve ry  r e a l .  

SPACE STA1 LON MODULES 

Space s t a t i o n s  w i l l  r e q u i r e  some t y p i c a l  k inds  o f  occupancies w i t h i n  t h e i r  
i n d i v i d u a l  modules t o  be f u n c t i o n a l .  The f i r s t  bas i c  k i n d  o f  module t h a t  w i l l  
be found i s  a h a b i t a t i o n  module. Th is  module w i l l  c o n t a i n  t h e  l i v i n g  space 
f o r  t h e  crew. The crewmembers w i l l  p repare  and e a t  t h e i r  meals i n  t h e  h a b i t a -  
t i o n  module. F a c i l i t i e s  f o r  persona l  hygiene and r e c r e a t i o n  and e x e r c i s e  w i l l  
p robab ly  be found i n  t h e  h a b i t a t i o n  module. Space t o  s t o r e  the  persona l  
be long ings  o f  t h e  crew and s u p p l i e s  necessary f o r  d i n i n g  w i l l  be found here .  

A second k i n d  o f  module occupancy t h a t  w i l l  be t y p i c a l l y  found i n  space 
s t a t i o n s  i s  one o r  more l a b o r a t o r y  modules. The purpose o f  space s t a t i o n s ,  
t h e  advancement o f  sc ience and technology,  w i l l  r e q u i r e  e x t e n s i v e  f a c i l i t i e s  
t o  p e r f o r m  exper iments o f  many types i n  t h e  m i c r o g r a v i t y  o f  space. A s  w i t h  
l a b o r a t o r y  f a c i l i t i e s  on e a r t h ,  t h e r e  w i l l  be hazardous processes and chemi- 
c a l s  used j n  l a b o r a t o r i e s  on space s t a t i o n s ,  and t h e  p r o b a b i l i t y  f o r  mishaps 
t o  occur  i s  app rec iab le .  L a b o r a t o r i e s  w i l l  r e q u i r e  c a r e f u l  des ign  and c o n t r o l  
t o  a c h i e v e  s a f e  o p e r a t i o n s .  

A t h i r d  k i n d  o f  module t h a t  w i l l  l i k e l y  be found on f u t u r e  space s t a t i o n s  
i s  a supp ly ,  o r  l o g i s t i c s ,  module. Th is  module w i l l  be used t o  s t o r e  consuma- 
b l e s  r e q u i r e d  f o r  t h e  o p e r a t i o n  o f  a space s t a t i o n .  
f a c i l i t i e s  on e a r t h ,  m a t e r i a l s  t h a t  a r e  i n c o m p a t i b l e  w i t h  each o t h e r  may be 
s t o r e d  s i d e  by s ide .  The s t r i c t  c o n f i g u r a t i o n  c o n t r o l  requ i rements  f o r  space- 
c r a f t  w i l l  p r o v i d e  c o n t r o l s  and safeguards f o r  these types of s to rage,  b u t  t he  
e x i s t e n c e  o f  i n c o m p a t i b l e  m a t e r i a l s  near one another  inc reases  t h e  p r o b a b i l i t y  
o f  a mishap. 

A s  w i t h  some s to rage  

F i g u r e  1 i n d i c a t e s  a p o s s i b l e  arrangement o f  t he  NASA Space S t a t i o n  
modules. The modules i n  t h i s  f i g u r e  a r e  connected t o g e t h e r  by nodes and tun-  
n e l s .  Two o f  t he  modules a r e  connected toge the r  i n  a c i r c u l a r  arrangement, 
w i t h  the  o t h e r  two a t tached  t o  t h i s  c i r c u l a r  t r a c k .  

F i g u r e  2 i s  a p o s s i b l e  arrangement o f  t he  i n s i d e  c ross  s e c t i o n  o f  one of 
t h e  modules. Maximum advantage o f  space i s  used i n  t h i s  arrangement. l h e  
i n s i d e s  o f  t h e  module n e x t  t o  t h e  o u t e r  w a l l s  a r e  used f o r  t h e  l o c a t i o n  o f  
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avionics, equipment, and storage areas. The habitable spaces are contained 
within a square cross section inside the module. 

MODULE HAZARDS 

Safety concerns In the internal environment fall into several broad cate- 
gories. Radiation is more intense in the environment of space, in both its 
ionizing and nonionizing forms. Ionizing radiation will take the form of gamma 
rays, x-rays, and high-energy charged par icles. Nonionizlng radiation that 
will be found in the internal environment will probably consist of ultraviolet 
rays from viewing ports in the module hul s and beams from the experimental 
use of lasers in the laboratory modules. 

Toxic substances will be used In the operating systems of the Space 
Station and in the laboratory experiments. The threat of an inadvertent release 
of a toxic gas, liquid, or solid will always be present. The effects of such a 
leak in a space station will be compounded by the nature of the Space Station's 
location and design. The Space Station will need real-time detection and 
analysis systems to detect the accidental release of toxic substances. Real- 
time analysis is needed to allow the crew to decide on a course of action to 
neutralize the leak. 

Emergency decontaminatlon apparatus will be needed for personnel working 
in laboratory modules. Emergency containment kits are available today for use 
in laboratories; this same type of approach could be adapted for use in a 
microgravity environment. Self-contained emergency shower devices and eyewash 
devices could also be developed for use on Space Station. Apparatus specifi- 
cally tailored for decontamination of personnel exposed t o  particular sub- 
stances could be provided on an as-needed basis. 

Toxic chemicals in the internal atmosphere are not the only crew threat. 
diological organisms and particulate matter in the internal atmosphere present 
health threats to the crew. In the microgravity of space, large particulate 
matter does not automatically fall to the floor of a compartment. Particulate 
matter of any size will follow the flow of the mechanical ventilation in a 
module. Particulates with diameters larger than 150 pm present an irritation 
problem to the crewmembers. Biological organisms will always be present. If 
they find internal atmospheric conditions suitable for growth, they can reach 
populations that present health threats to the crew. Control of the internal 
atmospheric humidity, temperature, food storage and disposal, and steriliza- 
tion and filtering of the internal atmosphere will reduce the probability of 
illness due to biological organisms. 

Crew injuries and illnesses are particularly serious matters due to the 
remoteness of the Space Station. Crew expertise and training to treat injur- 
ies and Illnesses will be a necessity. Medical supplies will be necessary to 
handle anticipated problems. 

finally, there is the threat of fire or explosion. Fire or explosion 
will result in additional threats due to their aftereffects. Fire or explosion 
will do damage to the spacecraft system in which It occurs. Crew response is 
required to control the threat; this presents the threat of injury to the crew. 
After the fire or explosion threat has been controlled, there is the problem 
o f  internal atmospheric contaminants. Fire is perhaps one of the most credible 
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t h r e a t s ,  t h e  most l i k e l y  t o  occur .  There a r e  many aspects  t o  t h i s  phenom- 
enon which must be i n c o r p o r a t e d  i n t o  t h e  des ign  o f  Space S t a t i o n .  

H I S l O R I C  S P A C € C R A F l  F I R E  PRO1 ECTION 

There have been a v a r i e t y  o f  f i r e  p r o t e c t i o n  methodologies a p p l i e d  t o  U.S. 
1 manned s p a c e c r a f t  s i n c e  t h e  Mercury program. A c l e a r  and d i s t i n c t  p a t t e r n  has 

n o t  emerged. 

The Mercury and Gemini s p a c e c r a f t  were ve ry  smal l  i n  r e l a t i o n  t o  t h e  Space 
I S h u t t l e  O r b i t e r  o f  today.  The Mercury capsu le  con ta ined  one person;  t h e  Gemini 

capsu le  con ta ined  two persons. F i r e  d e t e c t i o n  on these s p a c e c r a f t  was accom- 
p l i s h e d  v i a  t h e  sensory p e r c e p t i o n  o f  t h e  crew. There were no systems designed 
s p e c i f i c a l l y  f o r  f i r e  suppress ion,  b u t  t h e  food r e h y d r a t i o n  gun on these space- 
c r a f t  conce ivab ly  cou ld  have been used f o r  t h i s  purpose had i t  been necessary. 

I 

I 

The A p o l l o  s p a c e c r a f t  was cons ide rab ly  l a r g e r  than  Mercury and Gemini. 
The A p o l l o  Command and S e r v i c e  Module (CSM) accommodated a crew o f  t h r e e .  
A f t e r  t h e  ascent  phase o f  t h e  m iss ion ,  t h e  a c c e l e r a t i o n  couches t o  wh ich  t h e  
a s t r o n a u t s  were s t rapped cou ld  be f o l d e d  up and o u t  o f  t h e  way. Dur ing  t h e  
l u n a r  l a n d i n g  m iss ions  t h e  A p o l l o  CSM was accompanied by t h e  Lunar Module (LM) 
The LM c o u l d  h o l d  two persons.  

F i r e  d e t e c t i o n  on t h e  A p o l l o  CSM and LM was a g a i n  l e f t  t o  t h e  sensory 
p e r c e p t i o n  o f  t h e  crew. There were no s p e c i f i c  smoke d e t e c t i o n  schemes, 
a l t hough  t h e  p o s s i b i l i t y  o f  u s i n g  a condensat ion  n u c l e i  f i r e  d e t e c t i o n  system 
was cons idered ( r e f .  128). 

F i r e  suppress ion  on t h e  A p o l l o  s p a c e c r a f t  was p r o v i d e d  v i a  seve ra l  means. 
I n  The CSM, t h e  p r imary  means o f  f i r e  suppress ion  was a p o r t a b l e  foam f i r e  
e x t i n g u i s h e r .  The food r e h y d r a t i o n  gun a l s o  had a f l o w - c o n t r o l  spray n o z z l e  
and was u t i l i z e d  as a backup f i r e  suppress ion  system. I n  t h e  A p o l l o  Lunar 
Module, t h e  f i r e  suppress ion  system was t h e  food r e h y d r a t i o n  gun. 

The use o f  s t r i c t  m a t e r i a l s  f l a m m a b i l i t y  c o n t r o l  requ i rements  came i n t o  
be ing  d u r i n g  t h e  A p o l l o  e ra .  
t h e  f l a m m a b i l i t y  o f  m a t e r i a l s  were then more f u l l y  understood.  

The e f f e c t s  o f  oxygen--enr iched atmospheres on 

l h e  Sky lab  program was conducted i n  t h e  e a r l y  1970 's  as an o r b i t i n g  work- 

I t  had a dock ing  adapter  t o  wh ich  t h e  
shop. Sky lab  c o n s i s t e d  o f  an upper s tage o f  a Sa tu rn  boos te r  r o c k e t  t h a t  had 
been conver ted  f o r  manned use i n  space. 
A p o l l o  CSM was be r thed .  Sky lab  was t h e  f i r s t  U.S. manned s p a c e c r a f t  t h a t  was 
t o o  l a r g e  t o  r e l y  on t h e  sensory p e r c e p t i o n  o f  t h e  crew f o r  f i r e  d e t e c t i o n .  
F i r e  d e t e c t i o n  was accomplished by t h e  use o f  l i n e - o f - s i g h t  u l t r a v i o l e t - t y p e  
f i r e  d e t e c t o r s .  F i r e  suppress ion  on Sky lab  c o n s i s t e d  o f  p o r t a b l e  foam f i r e  
e x t i n g u i s h e r s .  A schematic d iagram o f  one o f  these p o r t a b l e  f i r e  e x t i n g u i s h e r s  
i s  shown i n  f i g u r e  3. These f i r e  e x t i n g u i s h e r s  had a removable n o z z l e  so t h a t  
t h e  foam c o u l d  be d ischarged th rough  b u i l t - i n  openings i n  t h e  a v i o n i c s  pane ls  
i n  t h e  event  o f  a f i r e  I n  t h e  a v i o n i c s .  F i g u r e  4 ( r e f .  129) shows t h e  l oca -  
t i o n s  of t h e  p o r t a b l e  f i r e  e x t i n g u i s h e r s  i n  Sky lab  and t h e  es t ima ted  crew 
t r a n s l a t i o n  t imes.  

75 



The Space S h u t t l e  O r b i t e r  i n  use today can accommodate a c r e w  o f  e i g h t  
persons. The c r e w  cab in  c o n s i s t s  o f  t w o  areas o f  h a b i t a b l e  space: t h e  f l i g h t  
deck and t h e  middeck. 

F i r e  d e t e c t i o n  on t h e  Space S h u t t l e  O r b i t e r  i s  p rov ided  by t h e  use o f  
i o n i z a t i o n  smoke d e t e c t o r s  l o c a t e d  i n  t h e  c r e w  cab in  and the  a v i o n i c s  bays. 
F i g u r e  5 ( r e f .  130) shows t h e  l o c a t i o n s  o f  these smoke d e t e c t o r s .  These smoke 
d e t e c t o r s  have a s e l f - c o n t a i n e d  f a n  t o  draw c a b i n  a i r  i n t o  them f o r  sens ing  
purposes. 

The Space S h u t t l e  O r b i t e r  uses p o r t a b l e  and f i x e d  Halon 1301 systems f o r  
f i r e  suppress ion.  The agent  s to rage  c o n t a i n e r s  f o r  bo th  f i x e d  and p o r t a b l e  
systems a r e  s i m i l a r ,  t h e  d i f f e r e n c e  be ing  t h a t  t h e  f i x e d  systems a r e  remote ly  
d ischarged f rom a c o n t r o l  panel  on t h e  f l i g h t  deck. The f i x e d  f i r e  suppres- 
s i o n  systems on t h e  Space S h u t t l e  O r b i t e r  a r e  l o c a t e d  i n  t h e  t h r e e  fo rward  
a v i o n i c s  bays. F i g u r e  6 ( r e f .  130) shows t h e  l o c a t i o n  o f  t h e  p o r t a b l e  f i r e  
e x t i n g u i s h e r s  i n  t h e  crew cab in .  A s  was t h e  case i n  Sky lab,  t h e  n o z z l e  on t h e  
p o r t a b l e  f i r e  e x t i n g u i s h e r s  i s  compat ib le  w i t h  f i r e  p o r t s  (open ings)  i n  t h e  
pane ls .  The agent  nozz le  can then be i n s e r t e d  i n t o  an opening i n  t h e  i n s t r u - -  
ment pane ls  and t h e  agent  d ischarged t o  e x t i n g u i s h  f i r e  behind t h e  ' instrument 
pane ls .  The p o r t a b l e  f i r e  e x t i n g u i s h e r s  can a l s o  be d ischarged th rough t h e  
openings i n  t h e  a v i o n i c s  bays shown i n  f l g u r e  7 ( r e f .  130) i n  case t h e  f i x e d  
f i r e  suppress ion  systems i n  t h e  a v i o n i c s  bays f a ' l l .  

M I C R O G R A V I T Y  F I R E  B E H A V I O R  

The h i s t o r y  o f  f i r e  p r o t e c t i o n  on manned U.S. s p a c e c r a f t  i n d i c a t e s  t h a t  
t h e r e  has been no c l e a r  p a t t e r n  o f  agreement on what i s  i d e a l .  To p r e f a c e  a 
d l s c u s s i o n  o f  what i s  i d e a l  f o r  f i r e  d e t e c t i o n  and suppress ion  i n  a m i c r o -  
g r a v i t y  env i ronment ,  i t  i s  necessary t h a t  t h e  d i f f e r e n c e s  i n  f i r e  behav io r  
between normal and m i c r o g r a v i t y  be d iscussed.  

Combustion i n  a normal (one-g)  env i ronment  i s  d r i v e n  by convec t i on  due t o  
g r a v i t y - i n d u c t e d  buoyancy. Hot smoke i s  d r i v e n  up and away f rom a d i f f u s i o n  
f lame.  I n  m i c r o g r a v i t y ,  t h e r e  a r e  min ima l  buoyancy f o r c e s ;  p roduc ts  o f  com- 
b u s t i o n  a r e  n o t  f o r c e d  away f rom t h e  d i f f u s i o n  f lame ( r e f .  131) .  

Under ca lm c o n d i t i o n s  i n  a m l c r o g r a v i t y  env i ronment ,  t h e  spread o f  t h e  
f lame f r o n t  i s  s lower  than i n  normal g r a v i t y .  Calm c o n d i t i o n s  a r e  seldom 
encountered I n  t h e  usua l  crew space i n  a spacec ra f t ,  however. Due t o  o t h e r  
l i f e  suppor t  c o n s i d e r a t i o n s  and t h e  need t o  p r o v i d e  c o o l i n g  a i r  f o r  e l e c t r o n i c  
equipment, f o r c e d  a i r f l o w  i s  p rov ided  th roughout  t h e  h a b l t a b l e  space. Th is  
f o r c e d  a i r f l o w  w i l l  i n c r e a s e  and d e f i n e  t h e  d i r e c t i o n  o f  f lame spread i n  a 
m l c r o g r a v i t y  env i ronment .  V e l o c i t i e s  o f  a i r f l o w  exceeding some t h r e s h o l d  
va lue  may even h e l p  p reven t  t h e  occur rence o f  d i f f u s i o n  f lames.  

S P A C t  S l A T I O N  MAlERIALS ACCEPTANCE 

U n l i k e  f a c i l i t i e s  on Ear th ,  c o n t r o l  o f  a l l  o f  t h e  m a t e r i a l s  t h a t  a r e  used 
f o r  c o n s t r u c t i o n  and t h a t  a r e  p laced i n  a manned s p a c e c r a f t  i s  a normal proce-  
dure.  Each m a t e r i a l  i n  a manned s p a c e c r a f t  must meet c u r r e n t  N a t i o n a l  Aero- 
n a u t i c s  and Space A d m i n i s t r a t i o n  (NASA) f l a m m a b i l i t y  c r i t e r i a  ( r e f .  4 ) ,  o r  i t s  
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1 program managers. 
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use must be eva lua ted  and judged t o  be accep tab le  by a c o n t r o l l i n g  group of 

M a t e r i a l s  f l a m m a b i l i t y  c o n t r o l  i n  Space S t a t i o n  w i l l  p robab ly  be accom- 
p l i s h e d  by u s i n g  s tandards s i m l l a r  t o  t h e  c u r r e n t  s tandard  used f o r  t h e  Space 
S h u t t l e  O r b i t e r .  A l though t h e  c r i t e r i a  f o r  m a t e r i a l s  f l a m m a b i l i t y  acceptance 
a r e  t o o  l e n g t h y  t o  d i scuss  here,  t h e r e  a r e  f o u r  bas i c  t e n e t s  t h a t  app ly .  

! M a t e r i a l s  a r e  c a t e g o r i z e d  by t h e i r  use and placement i n  t h e  spacec ra f t .  More 

env i ronment  as t h e  crew. M a t e r i a l s  a r e  t e s t e d  f o r  f l a m m a b i l i t y  c h a r a c t e r i s -  
I s t r i n g e n t  requ i rements  a r e  l e v i e d  on m a t e r i a l s  t h a t  a r e  p laced  i n  t h e  same 

I t i c s  i n  t h e  same atmosphere(s) which they  w i l l  encounter  i n  t h e  spacec ra f t .  
f F i n a l l y ,  m a t e r i a l s  a r e  t e s t e d  i n  t h e i r  end- i tem c o n f i g u r a t i o n .  

Some e s s e n t i a l  m a t e r i a l s  a r e  n o t  a b l e  t o  pass t h e  c u r r e n t  NASA flamma- 
b i l i t y  c r i t e r i a .  These m a t e r i a l s  i n c l u d e  some c l o t h i n g ,  v a r i o u s  persona l  
hygiene a r t i c l e s ,  paper ,  and food.  Avo id ing  l a r g e  c o n c e n t r a t i o n s  o f  these 
m a t e r i a l s  th rough  good housekeeping p r a c t i c e s  i s  one way o f  l o w e r i n g  t h e  r i s k  
o f  f i r e  i n  t h e  s p a c e c r a f t .  

SPACECRAFT F I R E  DETECTORS 

F i r e  d e t e c t i o n  on t h e  Space S t a t i o n  cou ld  be accomplished i n  seve ra l  ways. 
I o n i z a t i o n - t y p e  smoke d e t e c t o r s ,  such as a r e  used on t h e  Space S h u t t l e  O r b i t e r ,  
c o u l d  be used f o r  t h i s  purpose. These d e t e c t o r s  r e a c t  b e s t  t o  p a r t i c l e s  i n  
t h e  0.1 t o  0.3 pm d iameter  range ( r e f .  132). T h i s  s i z e  range o f  p a r t i c l e s  i s  
produced by f l a m i n g  combustion. I o n i z a t i o n - t y p e  smoke d e t e c t o r s  tend n o t  t o  
r e a c t  w e l l  t o  p a r t i c l e s  w i t h  d iameters l a r g e r  than  0.3 pm. 

P h o t o e l e c t r i c - t y p e  smoke d e t e c t o r s  a r e  another  p o s s i b i l i t y .  These de tec-  
t o r s  r e a c t  b e s t  t o  p a r t i c l e s  l a r g e r  than  0.3 pm ( r e f .  132). 

A method o f  smoke d e t e c t i o n  u s i n g  a condensat ion n u c l e l  counter  such as 
was considered during the Apollo program would be feasible on Space Station. 
The condensa t ion -nuc le i  f i r e  d e t e c t o r  (CNFD) uses a Wi lson  Cloud Chamber i n  
i t s  o p e r a t i o n .  Smoke-laden a i r  i s  drawn i n t o  t h e  CNFD by a sampl ing pump and 
i s  passed th rough  a d e v i c e  w i t h  water  t o  p r o v i d e  c l o s e  t o  100 pe rcen t  r e l a t i v e  
h u m i d i t y  i n  t h e  a i r  sample. The p ressu re  i n  t h e  chamber i n  which t h e  sample 
i s  l o c a t e d  i s  t hen  suddenly reduced by a vacuum pump. The m o i s t u r e  I n  t h e  
then  supersa tu ra ted  a i r  w i l l  condense on n u c l e i  p resen t  i n  t h e  a i r  sample, such 
as p a r t i c u l a t e s  f r o m  smoke. I n  t e s t s  conducted by B r i c k e r  ( r e f .  1331, t h e  
CNFD was found t o  be f a s t e r  t han  e i t h e r  i o n i z a t i o n  o r  p h o t o e l e c t r i c  smoke 
d e t e c t o r s .  The CNFO reac ted  w e l l  t o  b o t h  v i s i b l e  f lames and t o  smoke f rom 
smolder ing  p l a s t i c s  a f t e r  t h e  p l a s t i c s  smoke had been passed th rough  a d e v i c e  
t o  f u r t h e r  p y r o l i z e  i t  i n t o  s m a l l e r  p a r t i c l e s .  

The CNFD t y p e  o f  d e t e c t i o n  system i s  n o t  immedia te ly  ready f o r  use i n  a 
m l c r o g r a v i t y  env i ronment .  
h u m i d i f y  t h e  a i r  samples. 
f i c u l t  t o  use i n  a m i c r o g r a v i t y  env i ronment  than  o t h e r  methods. 
more maintenance i n v o l v e d  i n  t h e  CNFD o p e r a t i n g  system. 

The CNFO u t i l l z e s  water  i n  i t s  o p e r a t i n g  system t o  
T h i s  makes t h i s  d e t e c t i o n  method somewhat more d i f -  

There i s  a l s o  
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The i n t e r n a l  atmosphere i n  Space S t a t i o n  w i l l  be k e p t  as f r e e  f rom pa r -  
t i c u l a t e s  as p o s s i b l e  f o r  va r ious  h e a l t h  and o p e r a t i n g  reasons. The concent ra -  
t i o n  o f  p a r t i c u l a t e s  I n  t h e  i n t e r n a l  atmosphere w i l l  be mon i to red  by t h e  use 
o f  a p a r t i c l e  coun te r .  S ince  bo th  smolder ing and v i s i b l e  combustion produce 
h i g h  concen t ra t i ons  o f  p a r t i c l e s ,  i t  may a l s o  be f e a s i b l e  i n  t h e  Space S t a t i o n  
t o  use a p a r t i c l e  c o u n t i n g  system f o r  a smoke d e t e c t i o n  method. 

Commercial ly a v a i l a b l e  o p t i c a l - t y p e  p a r t i c l e  counters  today can measure 
p a r t i c l e s  w i t h  d iameters  as smal l  as 0.3 pm, much the  same as p h o t o e l e c t r i c  
smoke d e t e c t o r s .  Commercial ly a v a i l a b l e  condensa t ion -nuc le i  counters  can 
measure p a r t i c l e s  as smal l  as 0.01 urn. l h e  condensat ion-nuc le i  p a r t i c l e  
counters  use a l c o h o l  as t h e i r  condensat ion f l u i d ,  however, so t h e i r  use i n  a 
manned s p a c e c r a f t  p resen ts  a t h r e a t  i n  i t s e l f .  

W i th  the  t h r e a t  o f  f i r e  f r o m  a f lammable l i q u i d  t h a t  may be used i n  a 
Space S t a t i o n  l a b o r a t o r y ,  t h e  use o f  u l t r a v i o l e t  o r  i n f r a r e d  f i r e  d e t e c t o r s  
must be cons idered.  Both types o f  d e t e c t o r s  a r e  l i n e  o f  s i g h t  dev ices ;  t h a t  
i s ,  t h e r e  must be a c l e a r  p a t h  between t h e  f i r e  and t h e  d e t e c t o r .  They b o t h  
d e t e c t  e lec t romagne t i c  emiss ions f rom f lames.  

U l t r a v i o l e t  f i r e  d e t e c t o r s  can be adve rse l y  a f f e c t e d  by ext raneous emis- 
s ions  o f  e lec t romagne t i c  r a d i a t i o n  c l o s e  t o  the  u l t r a v i o l e t  p o r t i o n  o f  t h e  
spectrum. These emiss ions can l n c l u d e  x - rays  and microwaves. I n f r a r e d  f i r e  
d e t e c t o r s  can be a f f e c t e d  by hea t -p roduc ing  dev ices  w i t h i n  a space s t a t i o n .  
Ovens w i t h  h igh - tempera tu re  h e a t i n g  elements and v iew ing  p o r t s  may cause 
i n f r a r e d  f i r e  d e t e c t o r s  t o  a larm.  

I n  l i n e  w i t h  p r e v i o u s l y  mentioned s a f e t y  concerns r e g a r d i n g  chemical  con- 
tam ina t ion ,  a r e a l - t i m e  i n f r a r e d  atmospher ic  a n a l y s i s  dev i ce  i s  a p o s s i b i l i t y  
f o r  f i r e  d e t e c t i o n .  Th is  type  o f  dev i ce  would d e t e c t  gases f rom combustion 
such as carbon monoxide, hydrogen f l u o r i d e ,  o r  hydrogen cyan ide .  

De tec to r  Systems 

Any d e t e c t i o n  scheme w i l l  do no good i f  i t  i s  n o t  des igned t o  be i n  t h e  
p a t h  o f  smoke t r a n s p o r t  f rom a f i r e .  The l a c k  o f  n a t u r a l  convec t i on  i n  t h e  
m i c r o g r a v i t y  o f  space makes t h e  l o c a t i o n  o f  t h e  d e t e c t o r  a c r i t i c a l  f a c t o r  i n  
Space S t a t i o n .  A p o s s i b l e  approach i s  t o  l o c a t e  t h e  smoke d e t e c t i o n  dev ices  
i n  t h e  env i ronmenta l  c o n t r o l  and l i f e  suppor t  system (ECI-SS) a i r  c i r c u l a t i o n  
duc ts .  Smoke o r  p a r t i c u l a t e s  generated by combustion would be c a r r i e d  by t h e  
f o r c e d  a i r f l o w  th rough a d u c t  t o  t h e  smoke d e t e c t o r .  Care must be exe rc i sed  
i n  t h i s  arrangement t o  have smoke d e t e c t i o n  dev ices  l o c a t e d  so as t o  be a b l e  
t o  e a s i l y  l o c a t e  t h e  source o f  an a la rm i n  duc ts  t h a t  a r e  man i fo lded  t o g e t h e r  
Man i fo lded duc ts  w i l l  r e q u i r e  more d e t e c t o r s .  

A f t e r  t h e  smoke d e t e c t i o n  method has been chosen f o r  Space S t a t i o n ,  t he  
d e c i s i o n  as t o  how i t s  i n p u t / o u t p u t  o p e r a t i o n  w i l l  be c o n f i g u r e d  must be made. 
The annunc ia t i on  o f  t h e  a la rm must g e t  t h e  c r i t i c a l  i n f o r m a t i o n  t o  t h e  crew as 
q u i c k l y  as p o s s i b l e .  Th i s  i n f o r m a t i o n  should i n c l u d e  t h e  f a c t  t h a t  a d e t e c t o r  
has gone i n t o  an a la rm c o n d i t i o n ,  t h e  l o c a t i o n  o f  t h e  ac tua ted  d e t e c t o r ,  and 
t h e  spread o f  t h e  f i r e  o r  i t s  p roduc ts .  The a c t u a t i o n  o f  a smoke d e t e c t o r  
should be i n d i c a t e d  by b o t h  a u d i b l e  and v i s u a l  means i n  Space S t a t i o n .  I n f o r -  
ma t ion  concern ing  t h e  a l a r m  should be a v a i l a b l e  v i a  commands t o  an onboard 
computer system. V i s i b l e  means should be p rov ided  w i t h i n  an i n d i v i d u a l  module 
t o  e a s i l y  l o c a t e  any smoke d e t e c t o r  t h a t  i s  i n  an a la rm c o n d i t i o n .  
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A l l  f i r e  d e t e c t i o n  dev ices  respond t o  some f i r e  s i g n a t u r e .  These i n c l u d e  

duced by c o n t r o l l e d  phenomena, however, making t h e  t a s k  o f  d e t e c t i n g  hazardous 
u n c o n t r o l l e d  f i r e  more d i f f i c u l t  and s u b j e c t i n g  f i r e  d e t e c t i o n  systems t o  f a l s e  
o r  i n a d v e r t e n t  a larms.  The goa l  o f  a f i r e  d e t e c t i o n  system i s  t o  i n d i c a t e  w i t h  
a h i g h  degree o f  con f idence  t h a t  a f i r e  has occur red .  F a l s e  a larms must be 
min imized t o  p reven t  l o s s  o f  crew p r o d u c t i v i t y  and a l e r t n e s s .  The goa l  can 
thus be ach ieved by choos ing  good i n i t i a l  d e t e c t i o n  t h r e s h o l d s  f o r  f i r e  s igna-  
t u r e s  and by hav ing  t h e  c a p a b i l i t y  t o  a d j u s t  t h e  t h r e s h o l d s  as o p e r a t i n g  con- 

a r e  a l s o  needed t o  i ndependen t l y  c o n f i r m  t h e  e x i s t e n c e  o f  hazardous f i r e  

I 
I v i s i b l e  and i n v i s i b l e  p a r t i c l e s ,  combustion gases, i n f r a r e d  and u l t r a v i o l e t  
I spec t ra ,  heat ,  and p ressu re  i nc rease .  Many o f  these s i g n a t u r e s  a r e  a l s o  p ro -  
1 

I 

I d i t i o n s  and exper ience i n d i c a t e .  M u l t i p l e ,  independent  d e t e c t i o n  techn iques  

I c o n d i t i o n s .  

SPACE STATION F I R E  SUPPRESSION 

F i r e  suppress ion  on Space S t a t i o n  i s  a l s o  n o t  e a s i l y  accompljshed w i t h  
j u s t  one method. To e f f e c t i v e l y  cover  c r e d i b l e  f i r e  scenar ios ,  b o t h  f i x e d  and 
p o r t a b l e  f i r e  suppress ion  systems a r e  needed on a space s t a t i o n .  

Gaseous E x t i n g u i s h a n t s  

Gaseous agent  f i r e  suppress ion  systems may be des igned f o r  e i t h e r  t o t a l  
f l o o d i n g  o f  a module o r  f l o o d j n g  o f  equipment o r  s to rage  racks  w i t h i n  a module. 
I n  e i t h e r  case, o v e r p r e s s u r i z a t i o n  o f  a module may occur  and must be cons idered 
i n  t h e  des ign  o f  a f i r e  suppress ion  system. Module overpressure  v e n t i n g  may 
be r e q u i r e d  d u r i n g  f i r e  suppress ion  agent  d ischarge.  

Gaseous f i r e  suppress ion  agents a r e  very  easy t o  hand le  i n  t h e  mic rograv-  
i t y  o f  space. Bromot r i f luoromethane,  o r  Halon 1301 as i t  i s  commonly c a l l e d ,  
i s  one ve ry  e f f e c t i v e  gaseous e x t i n g u i s h i n g  agent .  I t  c h e m i c a l l y  i n h i b i t s  
chemical  c h a i n  r e a c t i o n s  i n  t h e  combustion process t o  e x t i n g u i s h  f i r e .  Con- 
c e n t r a t i o n s  r e q u i r e d  f o r  ex t i ngu ishmen t  o f  f i r e s  i n  e l e c t r i c a l  components a r e  
i n  t h e  range o f  7 pe rcen t  by volume ( r e f .  134) .  

The use o f  Halon 1301 would r e q u i r e  t h e  l e a s t  amount o f  agent  s to rage  
space and p ressu re  among t h e  v a r i o u s  f e a s i b l e  gaseous agents .  Halon 1301 can 
be s t o r e d  a t  <4 MPa (600 p s i ) .  
a t e  c leanup o f  t h e  area  o r  su r faces  i n  c o n t a c t  w i t h  t h e  Halon o r  f i r e .  

The use o f  Halon 1301 would r e q u i r e  no immedi- 

Disadvantages o f  Halon 1301 i n c l u d e  t h e  t o x i c i t y  and co r ros i veness  o f  i t s  
decompos i t ion  p roduc ts  and o f  t h e  agent  i t s e l f .  Halon 1301 may be i ncompa t i -  
b l e  w i t h  c e r t a i n  elements o f  t h e  ECLSS on a space s t a t i o n .  The most e f f e c t i v e  
method o f  agent  removal a f t e r  d i scha rge  would be module v e n t i n g .  

Carbon d i o x i d e  i s  ano ther  gaseous f i r e  suppress ion  agent  t h a t  may be 
f e a s i b l e .  I t  e x t i n g u i s h e s  combustion by d isp lacement  o f  oxygen i n  t h e  atmos- 
phere. Concen t ra t i ons  o f  carbon d i o x i d e  i n  t o t a l  f l o o d i n g  system a p p l i c a t i o n s  
f o r  e l e c t r i c a l  hazards on e a r t h  r e q u i r e  carbon d i o x i d e  c o n c e n t r a t i o n s  o f  
50 p e r c e n t  ( r e f .  135) .  Th i s  rep resen ts  more mass t h a t  must be c a r r i e d  i n t o  
o r b i t .  Atmospheres o f  t h i s  compos i t i on  a r e  f a t a l  t o  humans. 

The use o f  carbon d i o x i d e  on a f i r e  would a l s o  r e q u i r e  no c leanup o f  t h e  
area  con tac ted  by t h e  e x t i n g u i s h a n t .  Carbon d i o x i d e  d i s c h a r g i n g  o n t o  equipment 
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would p resen t  a l ow- tempera tu re  thermal  shock t o  t h e  equipment be ing  impinged 
upon. Storage pressures o f  carbon d i o x i d e  a r e  h i g h e r  than Halon 1301. Carbon 
d i o x i d e  i s  s t o r e d  i n  gaseous and l i q u i d  fo rm on e a r t h  a t  pressures up t o  
6 MPa (900 p s i ) .  

Removal o f  carbon d i o x i d e  a f t e r  d i scha rge  would f i r s t  r e q u i r e  p a r t i a l  
v e n t i n g  o f  t h e  module. A f t e r  t h e  module has been p a r t i a l l y  vented, t h e  r e s i -  
dua l  carbon d i o x i d e  c o u l d  be removed by t h e  carbon d i o x i d e  s e p a r a t i o n  c a p a b i l  
i t y  o f  t h e  ECLSS. Al though smal l  c o n c e n t r a t i o n s  o f  carbon d i o x i d e  c o u l d  be 
removed by t h e  ECLSS, h i g h  c o n c e n t r a t i o n s  o c c u r r i n g  i n  a s h o r t  t i m e  may be a 
p o t e n t i a l  problem w i t h  t h e  carbon d i o x i d e  s e p a r a t i o n  c a p a b i l i t y  o f  t h e  ECLSS. 

The use o f  carbon d i o x i d e  t o  f l o o d  equipment racks appears t o  be more 
p o s s i b l e  than a t o t a l  f l o o d i n g  system f o r  a module. The amount o f  module 
v e n t i n g  r e q u i r e d  t o  p r e v e n t  o v e r p r e s s u r i z a t i o n  would be l e s s .  1-he impact  t o  
the ECLSS would a l s o  n o t  be as s i g n i f i c a n t .  

N i t r o g e n  i s  another  i n e r t i n g  gas t h a t  may be used as a f i r e  suppress ion 
agent .  I t  has t h e  same b a s i c  e x t i n g u i s h i n g  c h a r a c t e r i s t i c s  and problems as 
carbon d i o x i d e .  I f  module v e n t i n g  upon d i scha rge  o f  t h e  n i t r o g e n  i s  used t o  
p r e v e n t  ove rp ressu re  c o n d i t i o n s ,  t h e  c o n c e n t r a t i o n s  r e q u i r e d  f o r  f i r e  suppres 
s i o n  would be f a t a l  t o  humans w ’ l t h in  the des ign  d i scha rge  volume. 

Removal o f  n i t r o g e n  a f t e r  i t s  d i scha rge  would a g a i n  r e q u i r e  p a r t i a l  v e n t -  
i n g  o f  a module, w i t h  oxygen b e i n g  added a f t e r  t h e  p a r t i a l  v e n t i n g  t o  r e s t o r e  
t h e  normal a tmospher ic  composi t ion.  

Use o f  f i x e d  gaseous f i r e  suppress ion systems f o r  f l o o d l n g  equipment and 
s t o r a g e  racks  i n  a module would r e q u i r e  a lower  q u a n t i t y  o f  suppress ion agent 
than  a t o t a l  f l o o d i n g  system f o r  a module. l h i s  method would a l s o  reduce t h e  
r i s k  o f  a s p h y x i a t i o n  t o  crewmembers, as i t  i s  n o t  l i k e l y  t h a t  persons would be 
p r e s e n t  i n s i d e  a s t o r a g e  o r  equipment r a c k .  

There a r e  a l s o  d lsadvantages t o  t h e  f l o o d i n g  o f  equipment and s t o r a g e  
racks w i t h  gaseous agents.  An e x t e n s i v e  agent p i p i n g  network would be 
r e q u i r e d .  The l o c a t i o n  o f  t h e  i n d i v i d u a l  rack  i n  which t h e  f i r e  had occu r red  
must be known. I f  r a c k  f l o o d i n g  i s  used, means must be developed t o  p r e v e n t  
t h e  m i x i n g  and subsequent d i l u t i o n  o f  t h e  gaseous suppress ion agent w i t h  
module a i r  f rom o u t s i d e  t h e  rack.  The f o r c e d  a i r f l o w  through t h e  rack  must be 
stopped and t h e  rack  must be sealed f r o m  t h e  module p r i o r  t o  agent d i scha rge .  
S e a l i n g  t h e  racks p r i o r  t o  agent d i scha rge  would a l s o  h e l p  reduce t h e  spread 
o f  p roduc ts  o f  combustion. 

P o r t a b l e  f i r e  e x t i n g u i s h e r s  c o u l d  be used w i t h i n  t h e  h a b i t a b l e  space f o r  
f i r e  suppress ion.  These p o r t a b l e  f i r e  e x t i n g u i s h e r s  c o u l d  use t h e  same gaseous 
agents as t h e  f i x e d  f i r e  suppress ion systems. Removal o f  t h e  f i r e  suppress ion 
agent a f t e r  d i s c h a r g e  f r o m  a p o r t a b l e  e x t i n g u i s h e r  would be somewhat s i m p l e r  
due t o  t h e  l e s s e r  q u a n t i t i e s .  Removal o f  Halon 1301 would s t i l l  have t o  be 
accomplished by v e n t i n g  t h e  module t o  vacuum. 

C o n s i d e r a t i o n  must be g i v e n  t o  t h e  r e a c t i o n  f o r c e  t h a t  would occur  due t o  
d i scha rge  o f  t he  agent  f r o m  a p o r t a b l e  f i r e  e x t i n g u i s h e r .  The r e a c t i o n  f o r c e  
f r o m  a f i r e  e x t i n g u i s h e r  u s i n g  Halon 1301 would be l e s s  than  t h a t  o f  an e x t i n -  
g u i s h e r  u s j n g  carbon d i o x i d e  o r  n i t r o g e n  because o f  t h e  lower  agent s to rage  
p ressu re .  
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I 
A l though use o f  each of t h e  aforement ioned gaseous f i r e  suppress ion agents 

r e q u i r e s  a t  l e a s t  some v e n t i n g  o f  a module, o p e r a t i o n a l  procedures a f t e r  t h e  
occurrence o f  a f i r e  may a l s o  d i c t a t e  t h a t  t h e  module atmosphere be vented t o  
vacuum due t o  t h e  produc ts  o f  combustion a lone.  

I Gaseous f i r e  suppress ion agents a r e  success fu l  t o  v a r y i n g  degrees i n  
e x t l n g u i s h i n g  f i r e  i n  o r d i n a r y  c e l l u l o s i c  o r  s o l i d  n o n m e t a l l i c  m a t e r i a l s .  
Halon 1301 i s  t h e  most e f f e c t i v e  gaseous f i r e  suppress ion agent  o f  t h e  ones 

h i g h e r  c o n c e n t r a t i o n s  and longer  t i m e  i n  c o n t a c t  w i t h  t h e  combustion area  t o  

I f o r  e x t i n g u i s h i n g  f i r e s  i n  o r d i n a r y  combust lb le  m a t e r i a l s .  F i r e  e x t i n g u i s h e r s  
on e a r t h  u s i n g  gaseous agents a r e  des igned ma in l y  f o r  use on flammable l i q u i d s  
and energ ized e l e c t r i c a l  equipment f i r e s .  

t 
I mentioned f o r  use on f i r e s  i n  o r d i n a r y  combust ib le  m a t e r i a l s ,  b u t  i t  r e q u i r e s  
~ 

I be e f f e c t i v e .  Carbon d i o x i d e  and n i t r o g e n  a r e  l e s s  e f f e c t i v e  than Halon 1301 

, 

Water and Foam 

S ince gaseous f i r e  suppress ion  agents a r e  n o t  e f f e c t i v e  i n  t h e  e x t i n g u i s h -  
ment o f  f i r e s  i n  o r d i n a r y  combust ib le  m a t e r i a l s ,  t h e  use o f  a backup f i r e -  
suppress ion  system u s i n g  water  o r  water-based foam should be cons idered on 
Space S t a t i o n .  Such a system cou ld  t a k e  t h e  fo rm o f  e i t h e r  a p o r t a b l e  e x t i n -  
gu i she r  o r  a hose and f l o w  c o n t r o l  n o z z l e  connected t o  t h e  onboard water  sup- 
p l y .  A system u s i n g  a foam agent  would be e f f e c t i v e  on b o t h  f l a m i n g  and 
s u r f a c e  combustion. Foam would adhere t o  t h e  s u r f a c e  on which i t  was p laced.  
Cleanup procedures would i n v o l v e  w i p i n g  t h e  foam f rom t h e  area  o f  a p p l i c a t i o n .  

The use o f  water  i n  a f i r e  suppress ion system would be f e a s i b l e  i f  a means 
t o  p reven t  t h e  i n t r o d u c t i o n  o f  l a r g e  amounts o f  f r e e - f l o a t i n g  water  i n  a space 
s t a t i o n  were developed. Th is  c o u l d  be done by hav ing  a sponge a p p l i c a t o r  on 
t h e  end o f  t h e  water  hose o r  t h e  use o f  a r i g i d  conta inment  box t h a t  cou ld  be 
p laced  over  t h e  f i r e  a rea  and i n t o  which t h e  water  would then  be d ischarged.  

Complete Vent ing  

A s  a l a s t  r e s o r t ,  v e n t i n g  a module t o  t h e  vacuum o f  space as a means o f  
f i r e  ex t i ngu ishmen t  c o u l d  be used. The d e p r e s s u r i z a t i o n  r a t e  would be a con- 
s i d e r a t i o n  t o  p reven t  v i o l e n t  r u p t u r e  o f  c losed  c o n t a i n e r s .  
a l s o  i n c r e a s e  t h e  r a t e  o f  f lame spread o f  t h e  f i r e .  The p o s s i b i l i t y  e x i s t s  
t h a t  i f  t h e  f i r e  were near  t h e  o u t l e t  f o r  v e n t i n g  a module, t h e  f lame would 
f o l l o w  t h e  v e n t i n g  gases and damage t h e  v e n t i n g  o u t  p i p i n g  and v a l v e ( s ) .  
R e p r e s s u r i z a t i o n  o f  t h e  a f f e c t e d  module may n o t  be p o s s i b l e  a f t e r  t h e  v e n t i n g  
o p e r a t i o n .  

Ven t ing  would 

F I R E  SAFETY I N  HYPERBARIC CHAMBERS 

Space s t a t i o n s  may have hyperba r i c  chambers f o r  use i n  t r e a t i n g  va r ious  
types  o f  decompression s ickness  t h a t  may occur  d u r i n g  crew e x t r a v e h i c u l a r  
a c t i v i t y  ( E V A ) .  C a p a b i l i t y  t o  p r o v i d e  up t o  600 kPa ( 6  atm) o f  p ressu re  w i t h  
v a r i n g  percentages of oxygen, i n c l u d i n g  some t h a t  a r e  oxygen-enriched w i t h  
r e s p e c t  t o  normal a tmospher ic  compos i t ion ,  may be r e q u i r e d  f r o m  a med ica l  
s t a n d p o i n t .  F i r e  d e t e c t i o n  and suppress ion  systems s p e c i f i c a l l y  des igned f o r  
an oxygen-enriched env i ronment  w i l l  have t o  be p rov ided  f o r  a hyperba r i c  
chamber on Space S t a t i o n .  F i r e  d e t e c t i o n  cou ld  be e i t h e r  smoke o r  f lame 
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e i t h e r  smoke o r  f lame d e t e c t o r s .  Flame d e t e c t o r s  o f  e i t h e r  the  u l t r a v i o l e t  o r  
i n f r a r e d  t ype  would p r o v i d e  t h e  f a s t e s t  response. 

F i r e  suppress ion  i n  an oxygen-enr iched env i ronment  i s  a more compl ica ted  
m a t t e r  than t h e  cho ice  o f  d e t e c t i o n  methods. O f  g r e a t  impor tance i s  t h e  f a c t  
t h a t  t h e  occupants o f  t h e  chamber cannot e a s i l y  l eave  the  con f ines  o f  t he  
chamber. The f i r e  suppress ion  agent  chosen must be non tox i c  and m in im ize  the  
p r o d u c t i o n  o f  t o x i c  decomposi t ion produc ts .  Halon 1301 has been t e s t e d  f o r  
use i n  an oxygen-enr iched env i ronment  by Kimzey (NASA Manned Spacecra f t  Center 
I n t e r n a l  Note,  Oct.  1967) .  He concluded t h a t  Halon 1301 i s  n o t  e f f e c t i v e  f o r  
e x t i n g u i s h i n g  f i r e  i n  pure  oxygen atmospheres. Halon 1301 i n  o t h e r  oxygen- 
en r i ched  atmospheres must be c a r e f u l l y  eva lua ted  f o r  e f f e c t i v e n e s s  and t o x -  
i c i t y  due t o  decompos i t ion  byproduc ts  and concen t ra t i ons  r e q u i r e d  f o r  f i r e  
ex t ingu ishment .  

The use o f  carbon d i o x i d e  f o r  a f i r e - s u p p r e s s i o n  agent  would p r e s e n t  an 
a s p h y x i a t i o n  hazard t o  t h e  chamber occupants.  N i t r o g e n  cou ld  be added w i t h o u t  
d i s p l a c i n g  t h e  e x i s t i n g  oxygen f o r  f i r e - s u p p r e s s i o n  purposes. Water would a l s o  
be f e a s i b l e  f o r  use as a f i r e - s u p p r e s s i o n  agent  i n  a hyperba r i c  chamber i n  a 
m i c r o g r a v i t y  env i ronment .  A system such as t h i s  would u t i l i z e  a ded ica ted  
water  supp ly  tank  c o n t a i n i n g  water  a t  a p ressu re  s u f f i c i e n t l y  h i g h e r  than t h e  
h y p e r b a r i c  chamber so t h a t  an e f f e c t i v e  spray p a t t e r n  cou ld  be achieved f r o m  
t h e  d i scha rge  nozz les .  The d i scha rge  nozz les  would be des igned f o r  t h r e e -  
d imens iona l  impingement. Water f l o w  d e n s i t i e s  cou ld  be based on requ i rements  
f o r  oxygen-enr iched atmospheres a t  n o r m a l - g r a v i t y  c o n d i t i o n s .  Cleanup and 
conta inment  equipment and procedures would be necessary f o r  a f i r e  suppress ion  
system u s i n g  water .  

F I R E  CONlROL PROCEDURES 

A f t e r  t h e  f i r e  d e t e c t i o n  and suppress ion systems have been des igned and 
b u i l t  and Space S t a t i o n  i s  o p e r a t i o n a l ,  t h e  problem o f  "what t o  do when f i r e  
occu rs "  becomes one f o r  humans t o  s o l v e .  A Space S t a t i o n  crew w i l l  have t o  be 
tho rough ly  t r a i n e d  t o  cope w i t h  f i r e  emergencies. 

A f t e r  a f i r e  has been de tec ted ,  adequate means must be p rov ided  t o  a l e r t  
t h e  crew t h a t  a f i r e  i s  i n  p rogress .  The crew must then be a b l e  t o  i n t e r p r e t  
s i g n a l s  f rom t h e  f i r e  d e t e c t i o n  system t o  l o c a t e  t h e  f i r e  q u i c k l y .  Upon 
l o c a t i n g  t h e  f i r e ,  t h e  crew must have a good idea  o f  what t h e  f i r e  i n v o l v e s  
and how much o f  a t h r e a t  i t  appears t o  be. The crew must pe r fo rm tasks  such 
as donning emergency a i r  b r e a t h i n g  appara tus ,  s h u t t i n g  o f f  a i r f l o w  t o  t h e  
a f f e c t e d  equipment, and d i s c o n n e c t i n g  e l e c t r i c a l  power t o  t h e  a f f e c t e d  equ ip-  
ment i f  deemed a p p r o p r i a t e .  The method o f  ex t ingu ishment  must be dec ided upon. 
Should a f i x e d  o r  p o r t a b l e  gaseous agent  system be used? Perhaps a water-based 
system would be b e t t e r .  The agent  must then be e f f e c t i v e l y  a p p l i e d .  A f t e r  
t he  f i r e  has been ex t i ngu ished ,  t h e  f i r e  area and i t s  e f f e c t s  must be c leaned 
up. F i n a l l y ,  normal ope ra t i ons  must be r e s t o r e d .  

The tasks  r e q u i r e d  t o  comp le te l y  handle a f i r e  on e a r t h  a r e  u s u a l l y  done 
by seve ra l  d i f f e r e n t  e n t i t i e s .  I n  Space S t a t i o n ,  t h e  crew w l l l  have t o  hand le  
a l l  o f  t h e  tasks  Invo lved ;  t h e i r  l i v e s  w i l l  depend on i t .  
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Slarboard Keel 

F i g u r e  1 .  - Sketch o f  Space S t a t i o n  module arrangement. 

F i g u r e  2 .  - I n t e r i o r  space i n  Space S t a t i o n  module. 
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S P R A Y  S I M U L T A N E O U S L Y -  

A C T U A T E D  VALVES 

SPRING-LOADED 
E X P A N S I O N  

V A L V E  - 

F i g u r e  3 .  

F O A M  AGENT 
B E L L O W S  

E X P A N S I O N  G A S  

L l O U E F l E D  
E X P A N S I O N  G A S  

- S k y l a b  f i r e  e x t i n g u i s h e r .  

+ Y  
/ 

H E A V Y  A R R O W S  P O I N T  T O  

E X T I N G U I S H E R  L O C A T I O N S  

NOTE: ROUND TRIP 01 FFERENCE 
IS .8 MIEI.  ( 4 8  SECONDS) 

F i g u r e  4 .  - S k y l a b  f i r e  e x t i n g u i s h e r  l o c a t l o n s  and e s t i m a t e d  crew t r a n s l a t i o n  t i m e s .  
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F i g u r e  5 .  - S h u t t l e  crew cab in  and a v i o n i c s  bay f i r e  p r o t e c t i o n .  
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F l g u r e  6. - S h u t t l e  p o r t a b l e  f i r e  e x t i n g u i s h e r s .  
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Avionics bays 
no. 1 and no. 2 

AVIONICS B A I  NO. 18 

no. 3A and no. 38 

Note 
0 FIRE PORTS PROVIDE 

ACCESS TO AVIONICS BAYS 

PORTABLE FIRE EXTINGUISHER 
NOZZLE 

0 FIRE PORTS SIZED TO FIT 

FIRE PORT/GUIOE @ ITYPlCALl 

Personal hygiene station 

F i g u r e  7 .  - F i r e  e x t i n g u i s h e r  p o r t s  I n  t h e  S h u t t l e  cab in .  
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